In an attempt to better identify and inform the energy requirements of elite soccer players, we quantified the energy expenditure (EE) of players from the English Premier League (n = 6) via the doubly labeled water method (DLW) over a 7-day in-season period. Energy intake (EI) was also assessed using food diaries, supported by the remote food photographic method and 24 hr recalls. The 7-day period consisted of 5 training days (TD) and 2 match days (MD). Although mean daily EI (3186 ± 367 kcals) was not different from (p > .05) daily EE (3566 ± 585 kcals), EI was greater (p < .05) on MD (3789 ± 532 kcal; 61.1 ± 11.4 kcal.kg -1 LBM) compared with TD (2956 ± 374 kcal; 45.2 ± 9.3 kcal.kg -1 LBM, respectively). Differences in EI were reflective of greater (p < .05) daily CHO intake on MD (6.4 ± 2.2 g.kg -1 ) compared with TD (4.2 ± 1.4 g.kg -1 ). Exogenous CHO intake was also different (p < .01) during training sessions (3.1 ± 4.4 g.h -1 ) versus matches (32.3 ± 21.9 g.h -1 ). In contrast, daily protein (205 ± 30 g.kg -1 , p = .29) and fat intake (101 ± 20 g, p = .16) did not display any evidence of daily periodization as opposed to g.kg -1 , Although players readily achieve current guidelines for daily protein and fat intake, data suggest that CHO intake on the day before and in recovery from match play was not in accordance with guidelines to promote muscle glycogen storage.
(e.g., <300 m v >900 m; Bradley et al., 2009 ), sprint distance (e.g., <150 m v >200 m) (Di Salvo et al., 2010) , and average speed (e.g., <80 m/min v ~100-120 m/min) (Anderson et al. 2015) . Daily training load during the weekly microcycle also displays evidence of periodization, the pattern of which appears dependent on proximity to the game itself (Anderson et al., 2015) as well as the number of games scheduled (Morgans et al., 2014) .
Given the apparent daily fluctuations in training load, it follows that energy expenditure (EE) may vary accordingly and hence, energy intake (EI) could also be adjusted to account for the goals of that particular day. Indeed, the concept of "fueling for the work required" has recently been suggested as a practical framework for which to apply nutritional periodization strategies to endurance athletes (Impey et al., 2016) . Such strategies are intended to concomitantly promote components of training adaptation (e.g., activation of regulatory cell signaling pathways) but yet, also ensure adequate carbohydrate (CHO; and energy) availability to promote competitive performance, reduce injury risk and aid recovery (Burke et al., 2011; Chamari et al., 2012; Burke et al., 2006) . Despite such theoretical rationale, however, it is currently difficult to prescribe accurate nutritional guidelines for professional soccer players owing to a lack of study that has provided direct assessments of energy IJSNEM Vol. 27, No. 3, 2017 expenditure in the modern professional adult player (Ebine et al., 2002) .
Therefore, the aim of the current study was to simultaneously quantify EI, EE, training load and match load in professional soccer players. To this end, we studied a cohort of professional players from the English Premier League (EPL) during a 7-day in season period in which two match days (MD) and five training days (TD) were completed. Self reported EI and direct measurement of EE was assessed using food diaries (supported by remote food photographic method and 24 hr diet recalls) and the doubly labeled water (DLW) method, respectively.
Methods

Participants
Six male professional soccer players (who have all played international standard) from an EPL first team squad (mean ± SD; age 27 ± 3 years, body mass 80.5 ± 8.7 kg, height 180 ± 7 cm, body fat 11.9 ± 1.2%, fat mass 9.2 ± 1.6 kg, lean mass 65.0 ± 6.7 kg) volunteered to take part in the study. All players remained injury free for the duration of the study. The study was conducted according to the Declaration of Helsinki and was approved by the University Ethics Committee of Liverpool John Moores University.
Study Design
Data collection was conducted during the 2015-2016 EPL in-season across the months of November and December. Players continued with their normal in-season training that was prescribed by the club's coaching staff and were available to perform in two competitive games on days 2 and 5 during data collection. The last competitive game where players were able to take part in was 3 days before the commencement of data collection. During data collection, game 1 kicked off at 20:05 hr and game 2 kicked off at 16:15 hr, both being home fixtures in European and domestic league competitions, respectively. The next competitive game players were due to take part in was the day after the study concluded (i.e., Day 8). One day before the study commenced all players underwent a whole body fan beam Duel-energy X-ray absorptiometry (DXA) measurement scan (Hologic QDR Series, Discovery A, Bedford, MA, USA) to obtain body composition, in accordance with the procedures described by Milsom et al. (2015) .
Quantification of Training and Match Load
Pitch based training sessions were monitored using portable global positioning systems (GPS) units (Viper pod 2, STATSports, Belfast, UK) using methods described previously (Anderson et al., 2015; Anderson et al., 2016) . Players' match data were examined using a computerized semiautomatic video match-analysis image recognition system (Prozone Sports Ltd, Leeds, UK) and were collected using the same methods as Bradley et al. (2009) . This system has previously been independently validated to verify the capture process and subsequent accuracy of the data (Di Salvo et al., 2006; Di Salvo et al., 2009) .
Variables from the training and match data that were selected for analysis included duration of activity, total distance covered, the average speed and distance covered inside 3 different speed categories that were divided into the following thresholds: running (14.4-19.7 km · h -1 ), high-speed running (19.8-25.1 km · h -1 ), and sprinting (>25.1 km · hr -1 ).
Measurement of Energy Expenditure Using Doubly Labeled Water
Energy expenditure was determined by using the DLW method. On the day before start of data collection of the study, between the hours of 1400-1600, players were weighed to the nearest 0.1kg (SECA, Birmingham, UK). Baseline urine samples were then provided and collected into a 35ml tube. Following collection of baseline samples, players were administered orally with a single bolus dose of hydrogen (deuterium 2 H) and oxygen ( 18 O) stable isotopes in the form of water ( 2 H 2 18 O) before they left the training ground. Isotopes were purchased from Cortecnet (Voisins-Le-Bretonneux-France). The desired dose was 10% 18 O and 5% Deuterium and was calculated according to each participants body mass measured to the nearest decimal place at the start of the study, using the calculation:
where DIE is the desired initial enrichment (DIE = 618.923 × body mass (kg) -0.305 ) and IE is the initial enrichment (10%) 100,000 ppm.
To ensure the whole dose was administered, the glass vials were refilled with additional water which players were asked to consume. The following morning (between 09:00-10:00) baseline weight samples were taken (SECA, Birmingham, UK). Approximately every 24-hr, when players entered the training ground (or hotel on the morning of game 2) they were weighed and provided a urine sample in a 35 ml tube. This urine sample could not be the first sample of the day after waking as this was acting as a void pass throughout the study. Urine samples were stored and frozen at -80 °C in airtight 1.8 ml cryotube vials for later analysis.
For the DLW analysis, urine was encapsulated into capillaries, which were then vacuum distilled (Nagy, 1983) , and water from the resulting distillate was used. This water was analyzed using a liquid water analyzer (Los Gatos Research; Berman et al., 2012) . Samples were run alongside three laboratory standards for each isotope and three International standards (Standard Light Artic Precipitate, Standard Mean Ocean Water and Greenland Ice Sheet Precipitation; Craig, 1961 , Speakman, 1997 to correct delta values to parts per million. Isotope enrichments were converted to EE using a two-pool model equation (Schoeller et al., 1986) as modified by Schoeller (1988) from the energy expenditure data are expressed as a daily average from the 7-day data collection period.
Total Energy Intake
Self reported EI was assessed from 7-day food diaries for all players and reported in kilocalories (kcal) and kilocalories per kilogram of lean body mass (kcal·kg -1 LBM). Macronutrient intakes were also analyzed and reported in grams (g) and grams per kilogram of body mass (g·kg -1 ). The period of 7 days is considered to provide reasonably accurate estimations of habitual energy and nutrient consumptions while reducing variability in coding error (Braakhuis et al., 2003) . On the day before data collection, food diaries were explained to players by the lead researcher and an initial dietary habits questionnaire (24 hr food recall) was also performed. These questionnaires were used to establish habitual eating patterns and subsequently allow follow up analysis of food diaries. Additionally, they helped to retrieve any potential information that players may have missed in their food diary input. In addition, EI was also cross referenced from the remote food photographic method (RFPM) to have a better understanding of portion size and/ or retrieve any information that players' may have missed on their food diary input. This type of method has been shown to accurately measure the EI of free-living individuals (Martin et al., 2009) . To further enhance reliability, and ensure that players missed no food or drink consumption, food diaries and RFPM were reviewed and cross-checked using a 24-hr recall by the lead researcher after one day of entries (Thompson & Subar, 2008) . To obtain energy and macronutrient composition, professional dietary analysis software (Nutritics Ltd, Ireland) was used.
Throughout the duration of this study, meals were consumed at the club's training ground or home ground, a nearby hotel (where the players often reside on match day) or alternatively, the players' own homes or restaurants / cafes. For meals provided at the training ground, home ground or hotel, menus are provided on a buffet style basis where the options provided are dictated by the club nutritionist and catering staff. Throughout the duration of the study, all meals were consumed ad libitum and it was not compulsory to eat the meals provided at the training / home ground or hotel. Whenever the team stayed in a hotel, the club's chef would travel and oversee the food preparation to ensure consistency of service provision.
On Days 3 and 6, players were provided with breakfast and lunch at the training ground whilst on Days 1 and 4, players were provided with lunch and dinner at the training ground. On Day 2, players were provided with breakfast at the training round and lunch and prematch meal at a nearby hotel, which the club uses for each home game. On Day 5, players were provided with breakfast and prematch meal at the hotel. On Day 7, players were provided with a lunch and post training snack at the training ground and an evening meal at an away game hotel.
Breakfast options available daily included: eggs, beans, toast, porridge, muesli, fruits and yoghurts. Lunch and dinner had different options that included 1 × red meat option, 1 × poultry option, 1 × fish option, 3-4 carbohydrate options (e.g., pasta, rice, potatoes, quinoa), 2 × vegetable options alongside a salad bar and snacks such as yoghurts, nuts, cereal bars and condiments. During training sessions, players were provided with low calorie isotonic sports drinks (Gatorade G2), water and upon request, isotonic energy gels (Science in Sport GO Istonic Gels). During games, players were provided with sports drinks (Gatorade Sports Fuel), water and isotonic energy gels (Science in Sport GO Isotonic Gels). All carbohydrate provided during training and matches were consumed ad libitum.
Statistical Analysis
All data are presented as the mean ± SD (SD). Training load data are shown for descriptive purposes only. Daily energy and macronutrient intake were analyzed using one-way repeated-measures ANOVAs. When there was a significant (p < .05) effect of "day", Tukey post hoc pairwise comparisons were performed to identify which day differed. The normal distribution of differences between data pairs was verified with Shapiro-Wilk tests (p > .05 for all variables). Paired Student's t tests (with statistical significance set at p < .05) were then used to assess the differences between the average daily EI and EE, the difference between CHO intake during training and matches, the difference between EI and CHO intake on match days vs. training days, and changes in body mass from before to after the study period. In all the analyses, the mean difference standardized by the between-subject standard deviation was used as the effect size (ES). The magnitude of the ES was evaluated as trivial (>0.2), small (>0.2-0.6), moderate (>0.6-1.2), large (>1.2-2.0), very large (>2.0-4.0), and extremely large (>4.0; Hopkins et al., 2009 ). The statistical analysis was carried out with R, version 3.3.1.
Results
Quantification of Daily and Accumulative Weekly Load
An overview of the individual daily training and match load and the accumulative weekly load is presented in Tables 1 and 2, respectively.
Quantification of Energy and Macronutrient Intake
A comparison of daily energy and macronutrient intake is presented in Figure 1 . Daily absolute and relative EI and CHO intake was significantly different across the 7-day period (all p < .05). Specifically, players reported greater absolute and relative EI on day 2 (i.e., match day 1) compared with days 1 (both p < .05 and both ES = 1.0, moderate) and 3 (both p < .05 and both ES = 1.1, moderate). On day 5 (i.e., match day 2), players reported higher absolute and relative EI compared with days 1, 3, 4 and 6 (all p < .05; ES for absolute EI equal to 1.9, large), 1.9 (large), 1.8 (large), and 2.1 (very large); ES for relative EI equal to 1.4, 1.5, 1.6, 1.6 (all large)). In addition, players reported higher absolute and relative EI on day 7 compared with day 4 (both p < .05; ES = 0.9 (moderate) for absolute EI and 0.6 (small) for relative EI) as well as higher absolute EI on day 5 compared with day 2 (p = .03; ES = 0.9, moderate).
In relation to CHO intake, both absolute (all p < .01) and relative intake (all p < .01) was greater on day 2 compared with days 1 (ES = 1.1 and 0.9 (both moderate), respectively for absolute and relative intake), 3 (ES = 1.5 and 1.3 (both large) respectively for absolute and relative intake), 4 (ES = 1.4 (large) and 1.2 (moderate), respectively for relative and absolute intake), and 6 (ES = 1.6 and 1.4 (both large), respectively for absolute and relative intake). On day 5, both absolute and relative CHO intakes were higher than days 1 (both p < .02; ES = 1.5 and 1.3 respectively for absolute and relative intake, both large) and 6 (both p < .02; ES = 1.1 and 1.1 respectively for absolute and relative intake, both moderate). Absolute CHO intake was also higher on day 5 compared with day 4 (p = .05; ES = 2.0, large), but did not achieve significance when expressed relatively (p = .06).
In contrast to energy and CHO intake, there was no significant difference between days in the reported absolute protein (p = .29), relative protein (p = .31), absolute (p = .16) and relative fat (p = .16) intake.
Energy and Macronutrient Intake on Training vs. Match Days
EI and EI relative to LBM were also greater (both p < .05; ES = 2.2 (very large) and 1.7 (large), respectively for absolute and relative EI) on match days (3789 ± 532 kcal; 61.1 ± 11.4 kcal·kg -1 LBM) compared with training days (2956 ± 374 kcal; 45.2 ± 9.3 kcal·kg -1 LBM, respectively). In addition, CHO intake and CHO intake relative to body mass were also greater (both p < .05; ES = 1.8 (large) and 4.2 (very large), respectively for absolute and relative CHO, respectively, both large) on match days (508 ± 152 g; 6.4 ± 2.2 g·kg -1 ) compared with training days (330 ± 98 g; 4.2 ± 1.4 g·kg -1 ).
Carbohydrate Intake During Training and Games
The mean quantity of CHO consumed during the two competitive matches (32.3 ± 21.9 g.h -1 ; Player 1-6 data: 25.1, 24.8, 70.9, 29.9, 38 .3 and 4.9 g.h -1 , respectively) was significantly higher (p < .05) than that consumed during training sessions (3.1 ± 4.4 g.h -1 ; Player 1-6 data: 0, 0.3, 11, 0, 5.7 and 1.6 g.h -1 , respectively), with an ES of 6.6 (extremely large). During training, 80 and 20% of the CHO consumed was provided from gels and fluid, respectively. During match play, 63 and 37% of the CHO consumed was provided from gels and fluids, respectively.
Energy Expenditure vs. Energy Intake
There were no significant differences (p = .16; see Table  3 ) between average daily EE (3566 ± 585 kcal) and EI (3186 ± 367 kcal), although one player did exhibit markedly lower self-reported EI compared with EE (see player 6). Accordingly, players' body mass did not significantly change (p = .84) from before (80.4 ± 7.9 kg) to after the 7-day study period (80.3 ± 7.9 kg).
Discussion
The aim of the current study was to simultaneously quantify EI, EE, training and match load across a 7-day in-season period. To study a weekly playing schedule representative of elite professional players, we studied players competing in the EPL during a weekly microcycle consisting of two match days and five training days. To our knowledge, we are also the first to report direct assessments of EE (using the DLW method) in an elite soccer team competing in the EPL and European competitions over a 7-day period. In relation to the specific players studied herein, our data suggest that elite players' daily energy expenditure can range from 3047 to 4400 kcal per day. In addition, players also practice elements of CHO periodization such that absolute daily CHO intake and exogenous CHO feeding is greater on match days compared with training days.
Key parameters of the physical loading reported here is similar to that previously observed by our group during a two game per week microcycle (Anderson et al., 2015) , albeit where five days was present between games as opposed to the two-day period studied here. Indeed, similar accumulative weekly high-speed running (1322 v 1466 m, respectively) and sprint (430 v 519 m, respectively) distance were observed. This result was expected given that such high-intensity loading patterns are largely reflective of game time as opposed to training time (Anderson et al., 2016) . Interestingly, the weekly accumulative total distance reported here was less than that observed previously (26.4 v 32.5 km), a finding likely attributable to the greater frequency of training sessions completed by each player during the five-day interim period (Anderson et al., 2015) . Such data reiterate how subtle alterations to the match and training schedule affects weekly loading patterns.
The mean daily EI and EE data reported here suggest that elite players are capable of matching overall weekly energy requirements. It is noteworthy, however, that despite no player experiencing body mass loss or gain during the study period, two players appeared to be under-reporting EI as evidenced by a mismatch between EI versus EE data. The mean daily EE (3566 ± 585 kcals) and EI (3186 ± 367 kcals) observed here agrees well with that previously observed in professional Japanese players (3532 ± 432 and 3113 ± 581 kcal, Note. Each player's position is shown in brackets. CF = center forward, WD = wide defender, WM = wide midfielder, CDM = central defending midfielder, CAM= central attacking midfielder and CD = central defender. respectively) where both DLW and 7-day food diaries were also used as measurement tools (Ebine et al., 2002) . Although these authors did not provide any data related to physical loading, the similarity between studies is likely related to these researchers also studying a two-game per week playing schedule where consecutive games were also separated by two days. Interestingly, our EE data are much lower than that reported by our group for professional rugby players (5378 ± 645 kcal), thereby providing further evidence that nutritional guidelines for team sports should be specific to the sport and athlete in question (Morehen et al., 2016) A limitation of the DLW technique is the inability to provide day-to-day EE assessments hence data are expressed as mean daily EE for the 7-day data collection period. Nonetheless, the players studied here appear to adopt elements of CHO periodization in accordance with the upcoming physical load and likely differences in day-to-day EE. For example, both daily absolute energy and relative CHO was greater on match days (3789 ± 532 kcal and 6.4 ± 2.2 g·kg -1 , respectively) compared with training days (2948 ± 347 kcal and 4.2 ± 1.4 g·kg -1 , respectively). Such differences in daily EI also agrees with recent observations from adult professional players of the Dutch league (Bettonviel et al., 2016) where subtle differences were observed between match days, training days and rest days (3343 ± 909, 3216 ± 834 and 2662 ± 680 kcal, respectively). It is also noteworthy that we observed greater energy intake on day 7 (before another match undertaken on day 8) versus day 4 (before match day 2). Such differences may reflect additional energy intake that is consumed before and during traveling (i.e., snacks provided on the bus) to the away game on day 8. We also observed CHO ingestion was significantly lower during training sessions (3.1 ± 4.4 g.min -1 ) compared with matches (32.3 ± 21.9 g.min -1 ). It is, of course, difficult to ascertain whether such alterations to CHO fueling patterns were a deliberate choice of the player and/or a coach (sport scientist) led practice or moreover, an unconscious choice.
In the context of a two game week, it is likely that players did not consume adequate CHO to optimize muscle glycogen storage in the day before and in recov-ery from the games (Bussau et al., 2002; Krustrup et al., 2006) . This point is especially relevant considering the inability to fully replenish muscle glycogen content in type II fibers 48 hr after match play, even when CHO intake is > 8 g·kg -1 body mass per day (Gunnarsson et al., 2013) . In relation to match day itself, it is noteworthy that four players did not meet current CHO guidelines (30-60 g.h -1 ) for which to optimize aspects of physical (Burke et al., 2011) , technical (Ali & Williams, 2009; Russell et al., 2012) and cognitive (Welsh et al., 2002) performance. Interestingly, CHO intake during match play was highest in players 3 and 5 who also tended to be the players (midfielders) with the greatest physical load on match days. Positional differences may therefore contribute to habitual fueling strategies. When taken together, data suggest that players may benefit from consuming greater amounts of CHO in the day before and in recovery from match play (so as to optimize muscle glycogen storage) as well as consumer greater amounts of CHO during exercise to maximize the aforementioned components of soccer performance.
Although we observed evidence of CHO periodization during the week, players reported consistent daily protein and fat intakes. Interestingly, absolute and relative daily protein intakes were higher (205 ± 30 g) than that reported two decades ago in British professional players (108 ± 26 g), whereas both CHO and fat intake were relatively similar (Maughan, 1997) . Our observed daily protein intakes also agree well with those reported recently (150-200 g) in adult professional players from the Dutch league (Bettonviel et al., 2016) . Such differences between eras are potentially driven by the increased scientific research and resulting athlete (and coach) awareness of the role of protein in facilitating training adaptations and recovery from both aerobic and strength training (Moore et al., 2014; McNaughton et al., 2016) .
In summary, we simultaneously quantified for the first time the daily physical loading, EI and EE during a weekly microcycle of elite level soccer players from the English Premier League. Although players appear capable of matching daily energy requirements to EI, we also observed elements of CHO periodization in that players consumed higher amounts of CHO on match days versus training days. While daily protein intake was consistent throughout the week, absolute daily protein intake was greater than previously reported in the literature. Moreover, CHO intakes were below that which is currently recommended for when players are completing 2 competitive games in close proximity to one another.
